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(57) At>stract: Fluidised bed reactor (I) which comprises a re- 
action chamber (4) which when in operation is in essence in ver- 
tical position, with abottomsection which with a boundary plane 
connects with an inlet section (8) located below it and a top sec- 
tion which connects to an outlet section (18) located above it, 
which reactor (2) also comprises one or more connecting pipes 
(10) running outside the reactor chamber (4) and connecting the 
bottom part of the reactor chamber with the top section thereof 
and/or with the outlet section. 
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FLUIDISED BED REACTOR 

5 The invention relates to a fluidised bed reactor for the gas-phase 

polymerisation of one or more olefins, which comprises a reaction chamber which 
when in operation is in essence in vertical position, with a bottom section which 
with a boundary plane connects with an inlet section located below it and a top 
section which connects to an outlet section located above it. 

10 The gas-phase polymerisation of olefins in a fluidised bed is 

effected in an elongated, normally vertically installed, reactor in which a bed of 
polymer particles is maintained in a fluidised state by means of a rising gas 
stream which contains at least the gaseous monomers to be polymerised. The 
gas supply is effected substantially via one or more inlets at the inlet section of the 

15 reactor, which inlets are located below the boundary plane. At the boundary plane 
there may be a gas distribution plate that separates the reactor bottom section 
from the reaction chamber proper. Reactors of this type are disclosed in WO-A- 
94/28032 and in US-A-4,543,399. This plate then contains apertures which 
distribute the supplied gas stream across the area of the reaction zone as 

20 required. The boundary plane may also form an open connection, covering at 

least 20% of its surface area, between the inlet section and the reaction chamber. 
A reactor of this type is disclosed in DE-19821955-A1. 

The rising gas stream may also contain one or more inert gases 
and for example hydrogen as a chain length regulator. An important objective of 

25 the addition of inert gases is to control the gas mixture's dew-point. Suitable inert 
gases are for example inert hydrocarbons such as propane, (iso)butane, 
(iso)pentane and (iso)hexane, but also nitrogen. They may be added to the gas 
stream either as a gas or in a condensed forni as a liquid. 

On exiting from the reaction chamber, the gas stream enters the 

30 outlet section located above and is discharged through the top of the reactor. 

X^ewed from the reaction chamber upwards, the outlet section usually widens so 
as to reduce the gas velocity and so prevent or minimise entrainment of the 
formed polymer particles with the gas stream leaving the reactor. Fresh monomer 
is added to the discharged gas stream, after certain treatments, to replace the 

35 monomer consumed in the polymerisation, after which it is returned to the reactor 
as (part of) the rising gas stream to keep the bed fluidised. In addition, a catalyst 
is added to the bed. During the process, new polymer is constantly formed under 
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the influence of the catalyst present, and at the same time some of the polymer 
formed is withdrawn from the bed, with the bed volume being kept substantially 
constant. Converted monomer is continuously made up for, like via the gas stream 
that maintains the fluidised bed. 
5 The polymerisation is an exothermic reaction. Heat must 

constantly be removed to maintain the temperature in the reactor at the required 
level. Such removal is effected via the gas stream, whose temperature when it 
leaves the reactor is higher than that at which it was supplied to the reactor. The 
gas velocity in the reactor cannot be chosen arbitrarily high, so it is not possible to 

10 remove any desired amount of heat. The minimum local gas velocity is dictated by 
the requirement that the bed be kept in a fluidised state. On the other hand, the 
velocity must not be so high that the polymer particles are blown out through the 
top of the reactor. These limits are strongly determined by the dimensions and 
density of the polymer particles present in the bed and by the viscosity and 

15 density of the gas stream, and can be determined by experiment. Practical values 
range from 10 to 100 cm/sec. At the given reactor dimensions, these requirements 
limit the maximum flow rate of the gas stream and, hence, the maximum 
attainable heat removal. As a consequence, the maximum permissible amount of 
heat of reaction produced, and thus the maximum amount of polymer to be 

20 produced, are also limited. 

The detailed design and operation of fluidised bed reactors for 
polymerising olefinic monomers and suitable process conditions are known per se 
and are for example described in detail in WO-A-94/28032 and in US-A- 
4,543,399. 

25 From this same US-A-4,543,399 it is known to add fresh 

monomer to make up for the gas stream discharged from the reactor and to cool 
the stream to such an extent as to cause it to partially condense. The two-phase 
stream obtained, which, owing to the latent heat of evaporation of the liquid part, 
has a substantially greater heat-removal capacity, and hence cooling capacity, 

30 than a stream consisting exclusively of gas, is then supplied to the bottom of the 
reactor. The dew-point of the two-phase stream must be lower than the 
temperature in the reaction zone so that the liquid can evaporate in it. In this way, 
the production capacity of a fluidised bed reactor proves to increase substantially 
in comparison with the known reactors with othenn^ise the same dimensions. 

35 According- to the known method, the maximum amount of liquid in the two-phase 
stream is 20 wt.%. The highest figure quoted in the examples is 1 1.5%. 
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From WO-A-94/28032 it is also known to separate the liquid 
from the two-phase stream obtained on cooling the gas stream to be recycled 
and to supply the liquid to the reactor separately from the gas stream. The various 
embodiments and installations for supplying the liquid to the reactor as described 
5 therein may be applied in the reactor of the invention. This holds also for the 
dimensions, flow rates and ratios taught therein. It is prefenred for the liquid to be 
injected or atomised into the fluidised bed at a particular elevation, optionally with 
the aid of a gaseous propellant. According to this publication, it is in this manner 
possible to supply a larger amount of liquid in relation to the amount of gas that is 
10 supplied. This allows even greater heat removal and so higher polymer production 
with con^espondingly higher heat production. WO-A-94/28032 says that the 
maximum permissible ratio of the mass of liquid supplied to the mass of the total 
amount of gas supplied is 1.21, which figure is derived from a simulation 
experiment. 

1 5 The present invention aims to provide a reactor which, with 

particular dimensions, allows a higher liquid/gas mass ratio of the feed to the 
reactor In gas-phase polymerisation of olefins in a fluidised bed reactor than in the 
known reactors. 

This aim is achieved by the reactor also comprising one or more 
20 connecting pipes running outside the reactor chamber, which pipes connect the 
bottom part of the reactor chamber with the top part thereof and/or with the outlet 
section. 

The presence of one or more connecting pipes has the 
surprising effect that more liquid, relative to the supplied amount of gas, can be 

25 supplied to the reactor than in the known reactors, while a stable fluidised bed 
being maintained. As a result, a higher production can be achieved than in the 
known reactors of equal dimensions. 

An additional advantage of the reactor of the invention is that it is 
now possible to select a higher length/diameter ratio for the fluidised bed in the 

30 reactor, higher than for example 5 or even 1 0. This is much higher than Is possible 
with the known reactors if a stable fluidised bed is to be maintained, affording 
better control of the polymerisation process. This advantage makes it possible to 
apply slimmer reactors, which presents substantial advantages in the design of 
polymerisation reactors, since these are pressure vessels. 

35 A further advantage of the reactor of the invention is that the gas 

stream discharged via the top of the reactor contains a smaller amount of polymer 
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powder particles. 

Yet another advantage of the reactor of the invention may be 
achieved when an Inlet for adding fresh monomer is present at the connection of 
the connecting pipes to the wall of the top part of the reactor chamber or to the 
5 wall of the outlet section. "Af here means at a distance of not more than 3 x the 
square root of the cross-sectional area of the connecting opiening of pipe and 
reactor chamber and not more than 1/3 times the diameter of the reaction 
chamber. Feeding fresh monomer at that particular position allows the gas 
composition in the connecting pipes to be varied and to differ from that in the 

10 reactor chamber. Hence, a product may be formed in the connecting pipes that 
has for example a different molecular weight or molecular weight distribution or, 
particularly In the manufacture of copolymers, a different chain structure. 

The reactor of the invention distinguishes itself from the known 
reactors by the presence of one or more connecting pipes running outside the 

15 reactor chamber and connecting the bottom part of the reactor chamber with the 
top part thereof and/or with the outlet section. 

The bottom part of the reaction chamber should be understood 
to mean that part thereof that connects at the boundary plane between the inlet 
section and the reaction chamber and extends to about .1 x the diameter D1 of the 

20 reaction chamber located above. The top part of the reaction chamber is that part 
which extends from the place where the reaction chamber connects to the outlet 
section to about 2 x D1 below. 

The connecting pipes run outside the reaction chamber and 
preferably have a circular cross section although other shapes, for example that of 

25 a regular polygon, are also acceptable. The pipes have a central section which is 
substantially vertical (when the reactor is operated) and one or two connecting 
sections that are curved or folded towards the reactor to be able to be connected 
to the reactor wall. 

The ratio of the total area of the largest cross sections 

30 perpendicular to the centre line of the connecting pipes to the area of the 
horizontal cross section of the reaction chamber is between 0.1 and 1.0, 
preferably between 0.1 and 0.3. In the case of a reaction chamber and a single 
connecting pipe with circular cross section, this conresponds with a diameter ratio 
D2 to D1 of the connecting pipe and the reaction chamber, respectively, of 

35 between about 0.3 and 1, preferably between about 0.3 and 0.55. 

A connecting pipe preferably terminates in the wall of the 
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reaction chamber or of the outlet section and is preferably connected thereto at 
such angle that polymer build-up on the lower side of the wall of the connecting 
sections of the connecting pipe is prevented as much as possible. Thus, at both 
the bottom connection and the top connection of a connecting pipe to the reactor, 
5 the angle between the underside of the wall of the connecting section and the 
centre line of the reactor chamber is not more than 60**, preferably not more than 
30''. The connecting pipes connect to a fitting connection opening in that wall. The 
opening to which the connecting pipe connects on the bottom part of the reaction 
chamber is located at least 50%, more preferably completely, in that bottom 

10 section and its lowest point may be located in the boundary plane or preferably up 
to 0.5 D1 above that plane. The low positioning of this opening has proved 
advantageous in achieving the aforementioned advantages of the reactor of the 
invention. The opening to which the top end of a connecting pipe connects to the 
reactor is preferably so positioned that the opening is fully Immersed in the 

15 fluidised bed when the reactor is in operation. The said opening may be located 
completely in the wall of the reaction chamber but it has proved advantageous for 
the opening to be at least partly located In the wall of the widening section of the 
outlet section. It has been found that in that case the amount of polymer powder 
which is entrained by the gas stream via the top of the reactor Is reduced still 

20 further. It is preferred for the opening to be located entirely in the wail of the 
widening outlet section. Since this wall is at an angle to the centre line of the 
reactor chamber, the upper connecting section of the connecting pipes may 
optionally be omitted or may be positioned at a smaller angle to the pipe than the 
bottom connecting section. 

25 The cross section of the upper connecting opening preferably is 

smaller than or at the most equal to that of the bottom opening. It has been found 
that the connecting pipes then are less likely to become plugged. The ratio 
between the cross-sections of the top and bottom openings preferably Is between 
0.1 and 1. more preferably between 0.25 and 0.75. In order for this to be 

30 achieved, the upper connecting section of the connecting pipes may be tapered 
but the opening proper may also be reduced by mounting an adjustable valve or 
gate ahead of at least a portion thereof. 

The connecting pipes may contact the outer wall of the reactor 
chamber but may also run at some distance therefrom, for example 0.5 x D1. 

35 However, the aforementioned distance should preferably be as small as possible. 
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preferably smaller than 0.25 x D1. The connecting sections of the connecting 
pipes may then be kept short, which reduces the risk of polymer powder being left 
behind on the underside of the wall, which is not vertical. 

The fluidising gas is supplied to the bottom of the reactor and 
5 flows into the reactor chamber via the inlet section and through the boundary 
plane. It has proved advantageous for the gas supply not to homogeneously pass 
the boundary plane and reach the reaction chamber but such that more gas flows 
into the reaction chamber at points located further away from the connecting 
openings of the connecting pipes than nearer to those openings. For example, in 

10 the case of only one connecting pipe being present, the average gas supply in 
one half of the boundary plane adjoining the wall section in which the connecting 
opening is present is smaller than in the other half of the boundary plane. If for 
example three connecting pipes are spaced along the circumference of the 
reactor at intervals of 120", the gas supply in a central section of the boundary 

15 plane - which section does not adjoin the reactor wall - whose area is equal to half 
the cross section of the boundary plane preferably is greater than that in the 
complementary peripheral section adjoining the wall throughout. Such asymmetric 
gas supply allows a further increase in the permissible amount of liquid. If a gas 
distribution plate Is present in the boundary plane, the desired distribution of the 

20 gas supply may be achieved by for example suitably selecting the number and/or 
size of the apertures therein. If no gas distribution plate is present, the inlet 
section may be asymmetric, wnth the gas being supplied substantially in those 
areas where the largest supply is desired. In that case use may also be made of 
objects and provisions present in the inlet section that distribute or direct the gas 

25 stream. Suitable embodiments of such provisions for asymmetric supply of the 
gas stream to the bottom of a fluidised bed reactor are described in for example 
patent applications PCT/NU000832 and PCT/NL/000834. 

The liquid Inlets may be located below or above the boundary 
plane. In the former case, the liquid may be mixed with the gases to be supplied 

30 as it is passed to the inlet section but may also be passed separately thereto. In 
the latter case, the liquid may be supplied through inlets present in the wall of the 
inlet section or through inlets present in the wall of the reaction chamber. In the 
aforementioned latter case, if the supply is effected through the wall of the inlet 
section, the ends of the inlets should terminate above the boundary plane. 
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The reactor of the invention is suited in a process for preparing 
polyolefins in the gas phase by poiymerising one or more olefinic monomers, at 
least one of which preferably is ethylene or propylene. Olefins preferably used in 
the process according to the invention are those containing 2 to 8 C atoms. Minor 
5 amounts of olefins containing more than 8 C atoms, for example containing 9 to 
18 C atoms, may however also optionally t>e used. It is hence possible to prepare 
homopolymers of ethylene or propylene, copolymers of ethylene and propylene 
and copolymers of ethylene and/or propylene containing one or more C2 - Cs 
alpha-olefins in a preferred embodiment 

10 Preferred alpha-olefins are ethylene, propylene, butene-1, 

pentene-1 , hexene-1 , 4-methylpentene-1 and octene-1 . An example of a higher 
olefin that can be copolymerised with the primary ethylene or propylene monomer 
or that may partially replace the C2 - Cs monomer is decene-1 . Dienes may also 
be used, for example 1 ,4-butadiene, 1 ,6-hexadiene, dicyclopentadiene, ethylidene 

15 norbornene, and vinyl norbomene. 

Ziegler-Natta catalysts and other multiple-site catalysts may be 
used as catalyst in these processes, but so can single-site or multiple site 
catalysts, for example metallocene catalysts. The processes for the production of 
said polymers in a fluid-bed reactor that are known per se can be used in the 

20 reactor according to the invention, with the aforementioned advantages of the 
invention being achieved. 

The reactor may be incorporated in Icnown installations for gas- 
phase polymerisation. In that case, the reactor is provided at the top with an outlet 
for the unreacted reaction components. These reaction components then are 

25 passed through a pipeline to a compressor where they are compressed to the 

required inlet pressure so that they may be supplied to the reactor. In addition, the 
desired gas composition and gas flow rate are restored by supplying reacting 
components. As a rule, this process Includes one or more cooling steps. In this 
way the reactor is operated in a continuous loop process. In order to allow the 

30 reactor to be operated in a so-called condensed mode, the compressed gases are 
cooled outside the reactor to the point where a proportion, in particular a 
proportion of the monomers and inert components, condense to form a liquid, 
whereupon this liquid is returned to the reactor either together with the 
components that have remained in the gaseous state or separately after being 

35 separated therefrom. Such reactor systems and processes for gas-phase 

manufacture of polymers are known per se, for example from the aforementioned 
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publications. 

The inyention therfor also relates to a process for polymerising 
one or more olefins in a gas-phase process in the reactor of the invention. In 
particular, in this process fresh monomer is supplied to the reactor at the topmost 
5 connecting opening of the connecting pipes on the reactor. As previously 

explained, it is preferred for the fluidising gas to be supplied to the reactor in a 
form so that this gas is asymmetrically distributed over the boundary plane as it 
flows into the reaction chamber. 

The invention is illustrated by means of the following figures. 

10 Fig. 1 represents an axial cross section of a reactor of the invention with a bottom 
plate and one connecting pipe. 

In Fig. 1, 2 is a cylindrical reactor in vertical position. 
Reaction chamber 4 with diameter D1 adjoins inlet section 8 at a gas distribution 
plate 6. which coincides with the boundary plane of reaction chamber 4. A 

15 connecting pipe 10 with diameter D2 equal to 0.4 x D1 connects to an opening 

12 in the bottom part 14 of reaction chamber 4. The angle between the connecting 
section of the connecting pipe and the centre line of the reaction chamber (in this 
case of a cylindrical reactor, the angle is equal to the one between the connecting 
section and the wall) is indicated by a and amounts to 30^. The lowest point of the 

20 opening 12 Is virtually at the same elevation as the top side of gas distribution 
plate 6. 

The connecting pipe 10 connects at its top end to an opening 16 
in the reactor wall. The opening is located partly In the wall of the reaction 
chamber and partly In the wall of the outlet section 18. The angle to the centre line 

25 (in this case the angle to the wall) of the reaction chamber at which the connecting 
pipe 1 0 connects to the wall of the reaction chamber is indicated by p, which angle 
in this case is equal to 20"". 

The rising gas stream is discharged through line 20 from the top 
of the reactor and is given a suitable temperature and pressure via a heat 

30 exchanger 22, a pump 24 and a second heat exchanger 26 in order for it to be 
resupplied to the reactor as a gas-liquid mixture through supply line 28. It has 
proved advantageous when a feeding device 30 is present at opening 16 for 
feeding fresh monomer. The average height of the top of the fluidised bed under 
operating conditions is indicated by the dotted line 32. Not shown in the figure are 

35 for example the catalyst feeder, the supply lines for make-up monomers and other 
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standard provisions that are present in condensed-mode gas-phase reactors. The 
assembly, make-up and functionality of these unshown means of processing and 
treating the discharged gas stream are known per se, In particular from the 
aforementioned publications WO-A-94/28032 and US-A-4,543,399. 
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CLAIMS 

1 . Fluidised bed reactor comprising a reaction chamber which when in 

operation is in essence in vertical position, with a bottom section which 
5 with a boundary plane connects with an inlet section located below it and 

a top section which connects to an outlet section located above it, 
wherein the reactor also comprises one or more connecting pipes running 
outside the reactor chamber, which pipes connect the bottom part of the 
reactor chamber with the top part thereof and/or with the outlet section. 
10 2. Fluidised bed reactor according to Claim 1 , wherein the ratio of the total 
area of the largest cross sections perpendicular to the centre line of the 
connecting pipes to the area of a horizontal cross section of the reaction 
chamber is between 0.1 and 1.0. 

3. Fluidised bed reactor according to Claim 1 or 2, wherein the bottom end 
15 of a connecting pipe terminates in the bottom section of the reaction 

chamber at a height of not more than 1 time the diameter of the reaction 
chamt)er. 

4. Fluidised bed reactor according to any one of Claims 1-3, wherein the 
angle between the underside of a section of the connecting pipes that 

20 connects to the reactor wall and the centre line of the reactor chamber is 

not more than 60^. 

5. Fluidised bed reactor according to any one of Claims 1-4, provided with 
means for asymmetric supply of fluidlsing gas to the reactor. 

6. Process for polymerising one or more olefins in a gas-phase process, 
25 wherein the polymerisation is effected in a reactor according to any one 

of Claims 1-5. 
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